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bstract
The photo-stabilization of polymers derived from poly(vinyl chloride) (PVC) films was investigated. The PVC and modified PVC
lms were produced by the casting method from tetrahydrofuran (THF) solvent. The photostabilization activities of these compounds
ere determined by monitoring the carbonyl, polyene and hydroxyl indices with irradiation time. The changes in viscosity average
olecular weight of PVC with irradiation time were also tracked (using THF as a solvent). The quantum yield of the chain scission
Φcs) of these complexes in PVC films was evaluated and found to range between 4.79 ×  10−8 and 7.50 ×  10−8. Results obtained
howed that the rate of photostabilization of PVC in the presence of the additive followed the trend:P1 > P2 > P3 > P4 > P5
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Amines are derivatives of ammonia, wherein one or more
hydrogen atoms have been replaced by a substituent such
as an alkyl or aryl group [1]. Important amines include
amino acids, biogenic amines, aniline and trimethy-
lamine. Poly(vinyl chloride), otherwise known as PVC is
a thermoplastic and the third largest production polymer
in the world [2,3].
A wide variety of synthetic and naturally occurring
high polymers absorb solar ultraviolet radiation and. This is an open access article under the CC BY-NC-ND license
undergo photolytic, photo-oxidative, and thermo-
oxidative reactions that result in the degradation of
the material [4–7]. The degradation suffered by these
materials can range from mere surface discoloration
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affecting the esthetic appeal of a product to extensive
loss of mechanical properties, which severely limits
their performance.
The low cost and excellent performance of poly(vinyl
chloride) (PVC) make it a very attractive and suitable
plastic for a wide variety of applications. With respect
to the production and consumption of synthetic mate-
rials, it stands third in the world after polyethylene and
polypropylene. However, PVC suffers from poor thermal
and light stability. It undergoes rapid autocatalytic dehy-
drochlorination upon exposure to heat and light [8–10]
during its molding and use, respectively. As a result, con-
jugated polyene sequences are formed from the begin-
ning of the reaction, and they give rise to discoloration of
the polymer and seriously change its physical properties
[11,12]. Degradation also causes a drastic change in the
mechanical properties of the polymer, which is accom-
panied by a decrease or increase in its average molecular
weight as a result of either chain scission or cross-
linking of the polymer molecules, respectively [13,14].
Various defect sites in the polymer chain are thought
to be responsible for this instability. Possible defect
structures in PVC chains are allylic chlorine, tertiary
hydrogen and chlorine atoms, end groups such as dou-
ble bonds, oxygen-containing groups, peroxide residues,
and head-to-head structures [15,16]. In addition to these
abnormalities, the steric order of the monomer units (tac-
ticity) may have some influence on the degradation. The
dehydrochlorination most likely proceeds by a chain
mechanism involving radical intermediates. However,
ultimate user acceptance of the PVC products for outdoor
building applications will depend on their ability to resist
photodegradation over long periods of sunlight exposure.
To ensure weatherability, the PVC resin needs to be com-
pounded and processed properly using suitable additives,
leading to a complex material whose behavior and prop-
erties are quite different from the PVC resin by itself
[17–20]. Recently, scientists have used substituted ben-
zothiazole and benzimidozole ring [21] as photostabiliz-
ers for rigid PVC. They have also used 1,3,4-oxadiazole
and 1,3,4-thiadiazole derivatives as novel photostabi-
lizers for rigid PVC [22]. In this article we report the
designing of some PVC – Amiens modified polymers
and studied their use as photostabilizing reagent.
2.  Experimental2.1.  Materials
The following polymers derived from poly(vinyl
chloride) were all prepared by the method previouslysity for Science 9 (2015) 203–212
described by Al-Daeif et al., 2012 [23]. Synthesis of
PVC-Ligand compounds (0.1 g) of PVC was dissolved in
dry THF (20 ml), then add (0.05 mole) from appropriate
amine. The reaction mixture was heated under reflux
for 6 h. The hot mixture was transferred to pit-reddish,
the precipitate modified polymer separated as film by
evaporated the solvent.
Compound Structure of the polymers
PVC
Cl Cl Cl Cl Cl
n
P1
P2
Cl NH Cl NH Cl
n
N N N N
P3
Cl NH Cl NH Cl
N
NH N
NH
P4
Cl NH Cl NH Cl
n
N
S N
S
2.2.  Experimental  techniques
2.2.1.  Films  preparation
A solution of poly(vinyl chloride) solution or modi-
fied poly(vinyl chloride) (5 g/100 ml) in tetrahydrofuran
was used to prepare (30 m) thickness of polymer films,
(measured by a micrometer type 2610 A, Germany). The
films were prepared by evaporation technique at room
temperature for 24 h. To remove the possible residual
tetrahydrofuran solvent, film samples were further dried
at room temperature for 3 h under reduced pressure.2.2.2. Irradiation  experiments
2.2.2.1.  Accelerated  testing  technique.  Accelerated
weatherometer Q.U.V. tester (Q. panel, company, USA),
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as used for irradiation of polymers films. The
ccelerated weathering tester contains stainless steel
late, which has two holes in the front side and a third
ne behind. Each side contains a lamp (type Fluores-
ent Ultraviolet Lights) 40 Watt each. These lamps are
f the type UV-B 313 giving spectrum range between
90 and 360 nm with a maximum wavelength at 313 nm.
he polymer film samples were vertically fixed par-
llel to the lamps to make sure that the UV incident
adiation is perpendicular to the samples. The irradi-
ted samples are rotated from time to time to ensure
hat the intensity of light incident on all samples is the
ame.
.2.3. Photodegradation  measuring  methods
.2.3.1.  Measuring  the  photodegradation  rate  of  poly-
er ﬁlms  using  infrared  spectrophotometery.  The
egree of photodegradation of polymer film samples
as followed by monitoring FTIR spectra in the range
000–400 cm−1 using FTIR 8300 Shimadzu spectropho-
ometer. The position of carbonyl absorption is specified
t 1722 cm−1, polyene group at 1602 cm−1 and the
ydroxyl group at 3500 cm−1 [10,24]. The progress of
hotodegradation during different irradiation time was
ollowed by observing the changes in carbonyl and
olyene peaks. Then carbonyl (Ico), polyene (Ipo) and
ydroxyl (IOH) indices were calculated by compari-
on of the FTIR absorption peak at 1722, 1602 and
500 cm−1 with reference peak at 1328 cm−1, respec-
ively. This method is called band index method which
ncludes.
s = As
Ar
(1)
here As = absorbance of peak under study,
r = absorbance of reference peak, and Is = index
f group under study.
Actual absorbance, the difference between the
bsorbance of top peak and base line (A top peak
 A base line) is calculated using the base line
ethod.
.2.3.2. Determination  of  average  molecular  weight
¯Mv) using  viscometry  method.  The viscosity property
as used to determine the average molecular weight of
olymer, using the Mark Houwink relation [25].
η] =  K ¯Mαv (2)
η] = the intrinsic viscosity.
K and α  are constants depend upon the
olymer–solvent system at a particular temperature.sity for Science 9 (2015) 203–212 205
The intrinsic viscosity of a polymer solution was
measured with an Ostwald U-tube viscometer. Solutions
were made by dissolving the polymer in a solvent
(g/100 ml) and the flow times of polymer solution and
pure solvent are t  and t0 respectively. Specific viscosity
(ηsp) was calculated as follows:
ηre = t
to
(3)
ηre = relative viscosity.
ηsp =  ηre −  1 (4)
The single-point measurements were converted to
intrinsic viscosities by the relation (2).
[η] =
(√
2
c
)
(ηsp −  ln ηre)1/2 (5)
C = concentration of polymer solution (g/100 ml).
By applying Eq. (5), the molecular weight of degraded
and virgin polymer can be calculated. Molecular weights
of PVC with and without additives were calculated from
intrinsic viscosities measured in THF solution using the
following equation:
[η] =  4.17 ×  10−4Mv0.6 (6)
The quantum yield of main chain scission (Φcs) [26]
was calculated from viscosity measurement using the
following relation (7).
Φcs =
(
CA
¯Mv,o
) ([ηo]/[η])1/α −  1
Iot
(7)
where C  = concentration; A = Avogadro’s number;
( ¯Mv,o) =  the initial viscosity −  average molecular
weight; [ηo] = Intrinsic viscosity of PVC before irradi-
ation; Io = incident intensity and t = irradiation time in
second.
3.  Results  and  discussion
The polymers derived from PVC were used as
additives for the photostabilization of PVC films. In
order to study the photochemical activity of these
additives for the photostabilization of PVC films, the
carbonyl and polyene indices were monitored with
irradiation time using IR spectrophotometry. The irra-
diation of PVC films with UV light of wavelength,
λ = 313 nm led to a clear change in the FTIR spec-
trum, as shown in Fig. 1. Appearance of bands at
1772 cm−1 and 1724 cm−1, were attributed to the for-
mation of carbonyl groups related to chloroketone and
to aliphatic ketone, respectively. A third band was
206 E. Yousif et al. / Journal of Taibah University for Science 9 (2015) 203–212
 film (3
as that might arise from cross-linking occurrence. It is
observed that insoluble material was formed during irra-Fig. 1. Change in IR spectrum of PVC
observed at 1604 cm−1, related to polyene group. The
hydroxyl band appeared at 3500 cm−1 was annotated
to the OH of the hydroperoxides group as shown in
Scheme 1.
The absorption of the carbonyl, polyene and hydroxyl
groups was used to follow the extent of polymer degrada-
tion during irradiation. This absorption was calculated as
carbonyl index (Ico), polyene index (IPO) and hydroxyl
index (IOH). It is reasonable to assume that the growth
of carbonyl index is a measure to the extent of degra-
dation. However, in Fig. 2, the Ico of P4, P3, P2 and
P1 showed lower growth rate with irradiation time with
respect to the PVC control film without additives. Since
the growth of carbonyl index with irradiation time is
lower than PVC control, as seen in Fig. 2, it is suitable
to conclude that these additives might be considered as
photostabilizers of PVC polymer. Since efficient photo-
stabilizer shows a longer induction period, therefore, the
P1 is considered as the most active photostabilizer, fol-
lowed by P2, P3 and P4 which is the least active. Just
like carbonyl, polyene compounds are also produced dur-
ing photodegradation of PVC. Therefore, polyene index
(IPO) could also be monitored with irradiation time in
the presence and absence of these additives. Results are
shown in Fig. 3.
Hydroxyl species were produced during photodegra-
dation of PVC. Therefore, hydroxyl index (IOH) was
monitored with irradiation time for PVC and with addi-
tives. From Fig. 4 the P4, P3, P2 and P1 showed lower
growth rate of hydroxyl index with irradiation time com-
pared to PVC blank.0 m) in the presence of P3 polymer.
3.1.  Variation  of  PVC  molecular  weight  during
photolysis  of  modiﬁed  polymers
Analysis of the relative changes in viscosity average
molecular weight ( ¯Mv), has been shown to provide a
versatile test for random chain scission. Fig. 5 shows
the plot of ¯Mv versus irradiation time for PVC film
modified polymers, with absorbed light intensity of
1.065 ×  10−8 ein. dm−3 s−1. ¯Mv is measured using Eq.
(4) with THF as a solvent at 25 ◦C.
It is worth mentioning that traces of the films with
additives are not soluble in THF indicating that cross-
linking or branching in the PVC chain does occur during
the course of photolysis. For better support of this view,
the number of average chain scission (average number
cut per single chain) (S) [27] was calculated using the
relation (8):
S  =
¯Mv,o
¯Mv,t
−  1 (8)
where ¯Mv,o and ¯Mv,t are viscosity average molecular
weight at initial (0) and t  irradiation time respectively.
The plot of S  versus time is shown in Fig. 6. The curve
indicates an increase in the degree of branching suchdiation which provided additional evidence to the idea
that cross-linking does occur.
E. Yousif et al. / Journal of Taibah University for Science 9 (2015) 203–212 207
S f radica
t ther rea
r
b
t
α
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o chloroketone, chloroalcohol and chlorohydroperoxide moieties; fur
eduction in molecular weight.
For randomly distributed weak bond links, which
reak rapidly in the initial stages of photodegradation,
he degree of deterioration α  [28] is given as: = ms
¯Mv
(9)
here m  is the initial molecular weight.l B with molecular oxygen, akin to those of radical A, would give rise
ctions of such reactive functionalities may lead to chain cleavage and
The plot of α as a function of irradiation time is shown
in Fig. 7.
The values of α  of the irradiated samples are higher
when additives are absent and lower in the presence of
additives compared to the corresponding values of the
additive free PVC. In the initial stages of photodegrada-
tion of PVC, the value of α  increases rapidly with time,
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ation tiFig. 2. The relationship between the carbonyl index and irradi
this indicates a random breaking of bonds in the polymer
chain.
3.2.  Surface  morphology  as  a  criterion  of  the
photostabilizing  compounds
The morphological study for the surface of poly-
mers gives a clear Photo about some of the physical
properties of the polymer For example, the crystalline
case, irregular surface molecules, smoothing the sur-
face and how to build it. And also shows the nature
0.00
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Irradation T
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o
P1 P2 P3 P4 PVC
Fig. 3. The relationship between the polyene index and irradiation timme for PVC films and modified PVC films (30 m thickness).
of the surface defects resulting from Photons of light
interaction with the polymer molecule [29,30]. The mor-
phological study also can follow photodecomposition or
stabilization of polymers that exposed to the UV light
through that appear on the surface of polymers, and see
whether that the decomposition process can occur on
chain scission or Decomposition for substitutes groups.
The morphologic studies also gives a clear indication
for the polymers resistance to weathering and how to
produce tough polymers as well as to know deforma-
tion that occur when polymer exposed to weathering
conditions.
0 20 0 250 300
ime (hrs)
e for PVC films and modified PVC films (30 m thickness).
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The surface morphology of films of the nonirradiated
VC blank, PVC and modified PVC in the presence of
1, P2, P3 and P4 (irradiated for 0 h, 50 h. 100 h, 150 h,
00 and 250 h) was studied with Biolab microscope.
he PVC (blank) film surface was smooth and empty
f any white spots indicating degradation, whereas the
VC film surface irradiated for 250 h was full of white
pots indicating the holes or grooves in which HCl
volved. In the case of modified polymers the surface
as almost smooth, and fewer white spots appeared;
his indicated the great stabilizing efficiency of the
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me for PVC films and modified PVC films (30 m thickness).
investigated the stabilizer and how much it protected the
polymer surface from deterioration via dehydrochlori-
nation (Fig. 8).
A method of degradation reaction characterization is
the measurement of the quantum yield of the chain scis-
sion (Φcs) [31]. The quantum yield for chain scission was
calculated for PVC and modified polymers mentioned
above using Eq. (5). The Φcs values for complexes are
tabulated in Table 1.
The Φcs values for modified polymers less than that
of free PVC (blank), which increase in the order:
0 200 250 300
Time  (hrs .)
P1 P2 P3 P4 PVC
tion of PVC films (30 m) (control) and modified PVC films (30 m
210 E. Yousif et al. / Journal of Taibah University for Science 9 (2015) 203–212
0.00
0.50
1.00
1.50
2.00
2.50
3.00
0 50 100 150 200 250 30 0
Irr adiati on
M
ai
n 
C
ha
in
 S
ci
ss
io
n 
(S
)
P1 P2 P3 P4 PVC
Fig. 6. Changes in the main chain scission (S) during irradiation of PVC film
Table 1
Quantum yield (Φcs) for the chain scission for PVC films (30 m)
thickness with and modified polymers after 250 h irradiation time.
Additive (0.5 wt%) Quantum yield of main chain scission (Φcs)
P1 4.79E−08
P2 5.33E−08
P3 6.71E−08
P4 7.50E−08
CPVC (blank) 8.62E−05
P1, P2, P3, P4 and PVThe explanation for low values of Φcs is that in macro-
molecule of PVC, the energy is absorbed at one site, and
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Fig. 7. Changes in the degree of deterioration (α) during irradiation of PVC fi Tim e (h rs.)
s (30 m) (control) and with modified PVC films (30 m thickness).
then the electronic excitation is distributed over many
bonds so that the probability of a single bond break-
ing is small, or the absorbed energy is dissipated by
non-reactive processes.
It is well established that the quantum yield (Φcs)
increases with increasing temperature around the glass
transition temperature, (Tg) of the amorphous poly-
mer, and around the melting temperature of crystalline
polymers. In the study presented in this work, the pho-
tolysis of PVC film is carried out at a temperature35–45 ◦C well below the glass transition temper-
ature (Tg of PVC = 80 ◦C). Therefore, the Φcs
50 200 25 0 30 0
 Time  (hrs.)
lms (30 m) (control) and modified PVC films (30 m thickness).
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.  Conclusions
In the work described in this paper, the photostabiliza-
ion of modified polymers of poly(vinyl chloride) films
ere studied. These modified polymers behave success-
ully as photostabilizer for PVC films. The additives take
he following order in photostabilization activity accord-
ng to their decrease in carbonyl, polyene and hydroxyl
ndices for PVC films.
P1 > P2 > P3 > P4
These additives stabilize the PVC films through UV
bsorption or screening, peroxide decomposer and radi-
al scavenger mechanisms. The P1 was found to be the
ost efficient in photostabilization process according
o the photostability and mechanisms mentioned above.
he results obtained support the idea of using modified
VC as commercial stabilizer.es of P3 samples.
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